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COMPLETE SPECIFICATION 

Mercury Vapor Discharge Lamp and Pressure 
Regulating Means therefor 

We, Westinghousb Electric Corpora- region as the mercury-vapor control center, 

now/of Three Gateway Center, Pittsburgh however, provide only a partial answer to the 

30, Pennsylvania, United States of America, .problem since their light output is dependent 

a corporation organized and existing under the upon and greatly influenced by ambient tem- 

5 laws of the Commonwealth of Pennsylvania, perature conditions. Thus, when a conven- 

United States of America, do hereby declare tional highly-loaded fluorescent lamp is oper- 

the invention, for which we pray that a ated in a semi-enclosed or totally enclosed 

patent may be granted to us, and the method fixture, ihc mercury vapor pressure increases 

by which it is to be performed, to be par- to such a value that a marked decrease in the 

10 ticularly described in and by the following 
statement: — 

This invention relates to mercury vapor 
discharge lamps and has particular reference 
to an improved mercury vapor discharge lamp 

15 having a mercury-vapour pressure regulating 



45 



light output and efficiency results. In addi- 
tion, since the temperature of the cool region 
within the lamp is also dependent upon lamp 
loading, this approach to the problem places a 
limit on the loading that can be used. 

„ „ . — In order to avoid these limitations, it has 

means that permits the lamp to be operated been proposed that the mercury vapor pres- 
efficiently at high power loadings or under a sure within a fluorescent lamp be controlled 
wide range of ambient temperatures, or both, by an amalgam of a selected metal and mer- 
As is well known, the efficiency of a fluores- cury. Since the vapor pressure of mercury 
nt lamp is at a maximum when the mercury is lower in the case of a mercury amalgam 
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20 cent lamp 



vapor pressure within the lamp is maintained than it is for pure mercury, the use of such 
at approximately 6 to 10 microns. At this an amalgam affords the distinct advantage 

rr , ... -iCIT A ^.j: /mntmlli'nir mMrnTO WHlOf .nTCSSllTC 



vapor pressure, the amount of 2537 A radi- 
ation produced by the discharge is at a 
25 maximum. In fluorescent lamps of conven- 
tional loading the design parameters are so 
correlated that the required mercury vapor 
pressure prevails under normal operating con- 
ditions. However, when the lamp is operated 
30 at higher power loadings or under high ambi- 
ent temperature conditions, the mercury vapor 
pressure increases and the light output drops 
off sharply. t „ 

In one type of highly-loaded fluorescent 
35 lamp now being marketed, this basic prob- 
lem is partially solved by mounting a heat 
deflecting shield on one (or both.) of the 
lamp stems to provide a cool region within 
the lamp that maintains the mercury vapor 
40 pressure at the proper value. Highly-loaded 
lamps utilizing a shielded or relatively cool 
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of controlling the mercury vapor .pressure 
within the lamp without resorting to end 65 
chambers or the like. Such an amalgam-con- 
taining fluorescent lamp is disclosed in British 
Patent No. 923,890. While this approach 
afforded many advantages, it presented rather 
serious manufacturing problems in that the 70 
amalgam had to be coated over a rather large 
surface area and could not be placed near the 
electrodes, as indicated in the aforesaid patent. 
In addition, the amalgam contained relatively 
large amounts of mercury and thus had a ten- 75 
dency to melt and migrate from the desired 
location within the lamp during the later 
Stages of lamp manufacture and during opera- 
tion under extremely high ambient tempera- 
ture conditons. 80 

It is accordingly the general object of the 
present invention to avoid the foregoing and 
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other problems associated with the use of an. 
amalgam as a mercury-vapour control means 
in a gaseous discharge lamp. 

Another and more specific object is the 
provision of an improved fluorescent lamp 
St can be operated at high loadings and 
over a wide range of ambient temperatures 
with a minimum loss of light output _ ■■ 
An additional object is the provision of 
an amalgam-containing fluorescent lamp tnat 
can be conveniently manufactured on a mass 
production basis. • . . " 

Still another object is the provision of a 
novel mercury-^apor control assembly for 
an electric discharge lamp utilizing an amat- 
cam-forming metal* . . , 

A further object is the provision of a 
method for manufacturing such mercury-vapor 
control assemblies on a mass production basis. 

The foregoing objects, and other advan- 
tages, which will become apparent as the des- 
cription proceeds, are achieved according to 
the invention by utilizing a rdatrvely small 
amount of amalgam and placing it at a 
selected localized region within titetopi sueh 
that it will operate at the temperature re- 
quired to maintain the desired mercury vapor 
pressure. The amalgam is held in the proper 
location within the lamp by a support assem- 
bly that is attached to one (or fc«M oT 0» 
stems or to the envelope while the lamp is 

being fabricated ... nt . the 

According to a preferred mbodiment, tne 
amalgam-forming metal is sandwiched oe- 
tween two. strips of- wire cloth. The dotn is 
made from a metal that the amalgam will 
vet and the openings in the doth a« such- 
.that the amalgam, even when in a. hquid 
state, will be retained within the cloth mams 
by capillary action. The metal-cloth sand- 
wich when placed within the lamp : does not 
contain any mercury. The amalgam is formed 
after the lamp has been dosel with a pre- 
determined amount of mercury m the regular 

^ Aether important feature of the inventiott 
resides in maiirtaining a critical balance be- 
tween the mercury and. parent-metal content 
of the amalgam. The amalgam composition is 
such that the amalgam will remain substanti- 
ally in the solid phase when the lamp is not 
in use and will remain in; a semi-hquid phase 
over practically the - entire range of tempera- 
tures which prevail at the amalgam taoon 
- when the lamp is operated. - In a P^erred 
embodiment, an mmum-mercury amalgam 
is used and the atomic per cem_mdram is 
maintained within a selected critical range. 
Specifically, the amalgam contains from about 
80 to about 95 atomic per cent , indium Sur- 
prisingly, this particular amalgam not only 
fa^the desired physical properties .at the 
operating and non-operating tempmtures but 
maintains the light output .at mgherlevek 
overa-wider range of operating temperatures 



Lamps contaimns this particular amalgam 
will thus operate efficiently over a wide range 
of ambient temperatures and at loading signi- 
ficantly higher than those now mf- . . 7Q 
Various structures and assemblies for hold- 70 
ing the amalgam in the desired, location with- 
in the lamp are provided including one where- 
in a bimetallic element is utilized to compen- 
sate for temperature variations whicb. may oe - 
encountered during lamp operation. A pre- n 
fcrred method for fabricating a mercury-vapor 
control assembly utilizing strips of metal wire 
cloth, a strip of amalgam-forming metal, and 
a pair of rollers is also provided. m 

A better understanding" of the invention SO 
will be obtained by referring to the acconv 
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panying drawings, wherein. 

Figure 1 is a front elevational view of a 
highly-loaded fluorescent lamp embodying the 
present invention, portions of the bulb being 8!> 
removed for convenience of Ulustration; 

Hg. 2 is an enlarged perspective view ot 
the electrode mount structure of the aforesaid 
lamp that carries the vapor-pressure control 
assembly of the present nw«*"»5 . rMrtiTrtt 
Fig 3 is a sectional view through the mount 
along the line in—Hi of Fig. 2. 

Fig. 4 is an enlarged plan view ot trie 
laminated vapor-phase control assembly 

being removed to indicate me various layers, 
Fig. 5 is a perspective view of the clamp 
used to hold the aforesaid assembly m posi- 
tion on the stemj , ino 
Fig. 6 is a side view illustratmg a preferred aw 
method for making the laminated cloth-metal 
assembly shown in Fig." 4; 

Fig. 7 is .an enlarged fragmentary view 
of the cloth-metal assembly produced by the 
method illustrated in Fig. 6; 1W 

Fig. 8 is a perspective view of another 
fluorescent lamp mount embodying an alter- 
native form of vapor control assembly; 

Fig. 9 is a plan view of the laminated cloth- 
metal component- of the pressure control iw 
assembly shown in Fig.. 8, portions of the 
various layers being omitted for illustrative 

^HgTlO to 21 are views illustrating alter- 
native holding means and arrangements for 
mounting the mercury-vapor pressure control 
assembly within the desired- location within 

the lamp; „. 

Fig. 22 is a phase diagram of the mercury- 
indium alloy system indicating the preferred 
range of indium content in the amalgam ac- 
cording to the invention; m 

Fig. 23 is -a graph illustrating the differ- 
ence- in the operating temperature of the 
amalgam when the latter -is placed on the 
stem rather than on the bulb wnll; ^ 
Fig. 24 is a graph comparing the brightness 
versus ambient temperature characteristics of 
a conventional highly-loaded fluorescent lamp 
having end chambers and an mdium-mercy 
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amalgam lamp embodying the present inven- 
tion; 

Fig. 25 is a graph illustrating the improved 
brightness versus ambient temperature char- 
5 acteristics displayed by indium-mercury amal- 
gam lamps containing increased amounts of 
indium; 

Fig. 26 is a graph illustrating the brightness 
versus ambient temperature characteristics of 

10 a family of lamps having the tunft l gw rn 
mounted at different distances from the elec- 
trode in accordance with the invention; and 
Fig. 27 is a graph contrasting the ambient- 
temperature range versus brighmess-mainten- 

15 ance characteristics of the improved mdfom- 
mercury amalgam lamps of the present inven- 
tion and conventional highly-loaded lamps in 
which the vapor pressure is controlled by the 
temperature of condensed mercury. 

20 Embodiment of Figs. 1—4 

Referring now to the drawings in detail, in 
Fig. 1 there is shown a highly-loaded fluores- 
cent lamp 28 having a tubular light-transmit- 
ting envelope 29 which has the usual re-cn- 

25 trant mounts 30 sealed into each of its ends. 
Each of the mounts carries a thermionic elec- 
trode 32 that is connected by means of lead 
wires 34 and 34' to recessed contacts housed 
within a suitable base 35 attached to each 

30 end of the envelope 29. The inner surface 
of the envelope is coated with a layer 33 
of an ultraviolet-responsive phosphor and one 
of the mounts 30 is provided with a tubula- 
tion 36 that is tipped off in lie usual manner 

35 after the lamp has been evacuated, mercury 
dosed and filled with a suitable inert starting 
gas such as argon, neon, or mixture thereof. 
In accordance with the preferred embodiment 
of the present invention, one of the mounts 30 

40 (preferably the non-tubulated mount as shown 
in Fig. 1) is provided with a mercury-vapor 
pressure control structure such as an arcuate 
assembly 40 which includes an amalgam- 
forming metal and is fastened to the mount 

45 As is illustrated more clearly in Fig. 2, 
the mount 30 comprises the usual flared 
vitreous stem 31 and lead wires 34 and 34' 
which support the electrode 32 and are sealed 
through a press 37 formed on one end of the 

50 stem. The electrode 32 preferably consists 
of a linear triple-coiled tungsten filament that 
carries the usual alkaline-earth oxide coating 
A pair of enlarged metal electrode shields 
38 and 38' are also mounted on either side 

55 of and in parallel relationship with the elec- 
trode 32, preferably by attaching them to the 
ends of the lead wires. 

As shown in Fig. 4, the mercury-vapor 
pressure control assembly 40 initially com- 

60 prises a rectangular lamination consisting of a 
layer 44 of suitable amalgam forming metal 
sandwiched between two strips 42, 43 of metal 
wire mesh or cloth. The strips of wire cloth 
thus serve as a support structure or matrix 



for the amalgam-forming metal. As illustrated 65 
in Figs, 2 and 3, in accordance with tins form 
of the invention the aforesaid laminated 
assembly 40 is wrapped around the cylindri- 
cal portion of the stem 31 and tightly clamped 
therearound by a resilient wire ring 41 (Fig. 70 
5). The assembly is so positioned that the 
leading edge of the assembly is spaced a pre- 
determined distance " d " from the transverse 
plane that passes through the intermediate 
segments of the lead wires 34, 34' fastened 75 
to the ends of the electrode 32. In the case 
of a linear electrode of the type here shown, 
the aforesaid plane will of course also pass 
through the electrode. 

The laminated assembly 40 when thus 80 
mounted on the stem 31 constitutes a collar 
mat is readily and securely fastened directly 
to the electrode mount 30. To facilitate this 
operation, the length of the laminated 
assembly 40 may be made slightly less than 85 
the circumference of the stem 31 so that the 
ends of the assembly will be spaced from one 
another, as will be noted in Figs, 1 to 3. 

The distance "d w between the leading 
edge of the collar assembly 40 and the elec- 90 
trode 32 (measured along a line parallel to the 
stem axis) is critical insofar as it determines 
the temperature at which the amalgam oper- 
ates in the completed lamp. This, in turn, 
determines the mercury vapor pressure within 95 
the lamp when the latter is energized and 
thus controls its light output and operating 
efficiency. 

Any metal which amalgamates readily with 
mercury and which will not conttuninate the 100 
lamp atmosphere at the temperatures which 
will be encountered during the assembly and 
operation of the lamp can be used. Examples 
of metals which meet both of these require- 
ments and are suitable include thallium, tin, 105 
and alloys thereof. Indium is particularly 
suitable, as hereinafter disclosed. 

It should also be noted that the overlying 
strips 42 and 43 of doth can be woven from 
other materials besides metal wire. It should, HO 
however, be fabricated from a material that 
is substantially inert with respect to both 
mercury and the amalgam-forming metal 
and should also be one which the amalgam 
will wet. The cloth can, accordingly, be made U5 
from glass or quartz fibers or from nickel, 
nickel plated iron, aluminum, titanium, or iron 
wire. Grade " A " nickel cloth has given ex- 
cellent results and is preferred. 

Any suitable foraminous material, such as 120 
perforated sheets of metal, can also be used 
in place of the cloth strips. 

Method of Fabricating Vapor Control 
Assembly 

In Fig. 6 there is shown a preferred method 125 
for fabricating the laminated vapor-pressure 
control assembly 40 described above. As 
shown, the preferred technique involves post- 
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• doming a strip of a suitable amalgam-forming 
meml/such £ indium, between two strms of 
fmaminous material 42 and 43 ^ffjg* 
do th, for example, as indicated) and feeding 

5 ^str^vS such overlying 

* between a pair of rollers 46 and 47 .which 
rotate and compress the respective strips one 
ag^nst the other. Since the 

irfg strip 44 is very ductile and soft, the f or- 
10 ^oulsiiips 42 and 43 are pardy embedded 
mtiie strip 44. As a result, Ac overlying 
strips of foraminous material adhere jn aid 
S held together solely by the mterposed 
layer of amalgam-fonning metal thus provid- 
15 inVa teirdnation 40 that can be wdg 
handled "without falling apart This method 
of fabrication is very ^^^.ScSv 
timious strips of material can be autornattcauy 
fed into "the rollers to produce a continuous 
20 larmnation that "can then be cut mto the 
remiired lengths. 



Mount and Lamp Assembly 
After the lead wires, electrodes ^anodes 
have been joined with the glass stem 31 
25. in the usual well-known manner to form the 
mount 30, the laminated yap^-P*^ con- 
trol assembly 40 is simply wrapped around 
the stem and damped in the ^per posinon 
thereon by the wire ring 41, as described 
30 previously and shown in Figs. 2 and 3Jtt 
desired, the assembly and ring can becom- 
b5edto form a unit that can be dipped into 
the stem. The amount 30 is then sealed into 
one end" of the envelope 29 in the mgular 
35 manner. When this operation is comp 1 ^' 
the tubulated mount is .sealed into the : other 
end of the envelope which is then evaded, 
Sarged with a suitable fill gas,.dosed with a 
predetermined quantity of mercury and tipped 
40-. ofim accordance with. standard. lamp-maimg 
procedures. The mercury combines with t the 
metel strip 44 in the trpped-ofr lamp. to 
San amalgam of the d^compo^on 
Since the vapor control assartMy 40 is 
45 : fastened to one of the mounts 30 before it is 
sSeo^4 the envelope 29 and that this stage 
conSnTonly the amalgam^rmmg metal 44, 
the lamp 28- can be manufactured in the con- 
vStional manner and no speaat precau^ons 
50 are necessary to protect the ^^y from 
heat etc during lamp manufacture as in the 
pK« 5 when the ^ 
formed prior to lamp assembly. The com- 
wStion and physical properties of the amal- 
55" ^that is LbWc&y formed within the 
dieted lamp iTdeterrnined bythe quanti- 
ties of mercury and amdgam-formmg metal 
tSt are separately placed wita the W 
Z7\ ; s being fabricated. The amount of 
60 amalgnm-forming metal is deternuned by the 
■ Smensions of the strip 44 that ? 1^*} 
Sebminated assembly 40, and the amount of 
mercury is 'regulated. in the usual manner by 
. the dosing operation. 



- The vapor-pressure control assembW 40w 65 
preferably placed on the non^bulated mennt 
30, as shown in Figs. 1 ^ 3> to 
accidental loss of amalgarr^oranrog metal 
during lamp manufacture. Experience oas 
Sown thT this can occur when the lamps 70 
are fabricated on a sealing machine of the 
type in which the tubulated mount is first 
ialed into the lower end of the envelope 29 
while the latter is held in a vertical position, 
and the envelope is then mverted to seal the » 
non-tubulated mount mto the other aid or 
the envelope. When the assembly 40 was 
attached to the tubulated mount, occasionally 
some of the heat-softened amalgam-forming 
nS would be torn free from the assembly 80 
as the envelope was swung through an arc 
and being inverted in preparation for the 
second sealing-in operation. ^kemg the 
assembly 40 on the non-mbulated mount 
which is sealed into the envelope after the 85 
envelope has been inverted thus avoids this 
potential manufacturing problem and msures 
that an amalgam of the desired composition 
KformeT^^ w 
Another important feature of the preferred w 
embodiment of the invention is the p» 
of a margin 45 (see Fig. 4) along each side 
edge of thTassembly 40 that is ^inttiall y free 
from amalgam-forming metal. As is shown 
more clearly in Fig. 7, this ™J*^}* 95 
accomplished by using a sheet 44 of an amal- 
^-forming metal, such as mdnmi, Aat has 
fwldth - S " which is smaller by a predeter- 
mined amount than the width W of the 
strips 42 and 43 of nickel wire doth or 1W 
other foraminous material that is used The 
metal sheet 44 is approximately centered wtth 
respect to the cloth strips to provide margins 
45 of a predetermined width « a" along each 
edge of the assembly 40 that is free from 105 
the amalgam-forming metal. 

Experience has shown that when the amal- 
Jo?orming metal 44 extends to the edges 
of^e^ strips 42 and 43, h tends to col- 

Sctin^lets^ 110 
bW 40 when the lamp is handled in the fac- 
tory^Ue stm hot. Occasionally some of 
these droplets would be jarred loose from 
the assembly 40 while the lamp was stdl 
Snglrocessed or tested resulting m a loss 115 
cf metal from the assembly and unproper 
mercury-vapor pressure regulation. The pro- 
Ssimiof thVmetal-free margins 45 alongboth 
SL of the assembly 40 avoids this problem 
m that the amalgam-forming metal, even 120 
though it wets the cloth smps .^ a con- 
siderable time to migrate to the edges of the 
assembly. The margins, arcordmgly, prc- 
vhleT sort of "buffer" zone that retains 
£e amalgam-forming metal ^J^zs^ 125 
40 during the subsequent fabrication andtest- 



rates by capillary action to the edges of 
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the assembly 40, this occurs long after the 
lamp has been completed and has been in 
use and is thus no longer subjected to mech- 
anical impacts that would tend to jar the 
5 amalgam loose from its support structure. 

Specific Examples 
In order to achieve proper control of the 
mercury-vapor pressure within the lamp and 
be practical from a manufacturing standpoint, 
10 the amalgam-retaining support structure of 
wire cloth or other foraminous material that 
is used must have the following characteris- 
tics: 

(a) The support structure or assembly must 
15 expose a sufficient amount of the amalgam- 
forming metal to the mercury vapor within the 
lamp to establish dynamic equilibrium and 
optimum output within a short period of time, 
as for example within 5 to 10 minutes. 
20 (b) The strips of foraminous material must 
provide a matrix having sufficient volume to 
contain the required amount of amalgam with- 
out the formation of teardrops; 

(c) The openings in the forarmnous material 
25 must be of a size such that the amalgam, 

when in a semi-liquid and liquid state, will 
fill the openings by capillary action. 

(d) The foraminous strips must be fabri- 
cated from a material that is substantially 

30 inert with respect to both mercury and the 
amalgam-forming metal employed, and it 
must also be one which the amalgam will 
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In addition, it is desirable that the rela- 
tive dimensions of the foraminous strips and 
sheet of amalgam-forming metal be such that 
a margin that is initially devoid of metal will 
be provided along both edges of the completed 
assembly when the metal sheet is centrally 
located therein, as described above. 

Experience has shown that all of the afore- 
said requirements are met by fabricating the 
foraminous strips from a cloth woven from 
"Grade A" nickel wire approximately 0.009 
inches in diameter and having 50 meshes 
per Knear in each in each direction. The 
width of the openings in the cloth are thus 
approximately 0.011 inch and the open area 
of the cloth is about 30.3% In the case 
of indium, two strips of nickel cloth 1-1/2 
inches long and 3/8 of an inch wide, when 
combined with a strip of indium apr«oximately 
1/4 inch in width and 0.011 inch thick and 
the same length as the cloth strips, provided 
an assembly that contained approximately 500 
milligrams of indium and a metal-free mar- 
gin along each edgeof theassemby appro*- 



mately 1/16 inch wide. When this assembly 
was mounted on the step of a 96 inch 1500 
60 milliampere fluorescent lamp having an enve- 
lope approximately 1-1/2 inches in diameter 
that was dosed with about 120 milligrams of 
mercury, an amalgam containing approxi- 
mately 80% by weight of indium (approxi- 



mately 88 atomic per cent indium) was 65 
formed within the lamp that maintained the 
mercury vapor pressure within the desired 
limits. . . , 

Since the mercury dosage required tor 
satisfactory lamp life is proportional to the 70 
surface area of the bulb, a mercury-vapor 
control assembly constructed as described 
above from strips which are only half as long 
(3/4 inch) would be suitable for use in a 
48 inch highly-loaded lamp of the same 75 
current rating containing approximately 60 
milligrams of mercury. 

For a 96 inch lamp of the aforsaid type, 
the minimum amounts of indium and mercury 
that can be used consistent with adequate 80 
lamp life are 222 milligrams and 100 milli- 
grams, respectively. For a 48 inch lamp, the 
corresponding values are 50 milligrams of 
mercury and 111 milligrams of indium. In 
the case of a 72 inch lamp at least 166 milli- 85 
grams of indium and 75 milligrams of mer- 
cury would be required. 

Alternative Embodiments— Figs. 8 to 21 
In Figs. 8 and 9, there is shown another 
form of lamp mount 30a and vapor control 90 
assembly 40a that are identical to those shown 
in Figs 2 and 4, respectively, except that 
the ends of the laminated assembly are cut 
at an acute angle relative to the longitudinal 
axis of the assembly rather than at right °5 
angles thereto. The ends of the assembly 40a 
are thus tapered in opposite directions and, 
when the assembly is mounted on the stem, 
the end edges are spaced from and extend 
parallel to one another along a line that is 100 
transverse to the stem axis, as shown in Fig. 
8. This construction serves to prevent any 
droplets of amalgam, or amalgam^fornring 
metal, that may form at the cut ends of 
the assembly from falling free when the lamp 105 
is held in a vertical, or tilted upright posi- 
tion, while the lamp is still hot. Since the 
cut end edges of the assembly lie one above 
the other throughout substantially their entire 
length, even when the lamp is held in a ver- UO 
tical position, any droplets that form along 
and fall from the uppermost edge will strike 
and be absorbed by the lowermost edge and 
thus be retained on the assembly. 

In Fig. 10, there is shown another form 
of mount 30b wherein the collar-like vapor 
control assembly 40b is held in encircling but 
spaced apart relationship with the stem 31b 
by an L-shaped support wire 48 that is fas- 
tened to one of the lead wires adjacent to the 120 
stem press and to the assembly, as by weld- 
ing to one of the metal cloth strips of the 
assembly. As shown more particularly in Fig. 
11, this arrangement physically isolates the 
amalgam-containing assembly 40b from the 125 
stem 31b and minimizes the effect of varia- 
tions in the ambient and stem temperature on 
the operating temperature of the amalgam. 
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- - If desired, the- amalgam-containing assem- 
bly 40b" may also- be Metrically isolated ^ 
jhe electrode 32b by utihzing an Leaped 
. support wire existing of two segment* ; & 
5 and^50."that are joined together by a ^s 
insulater 51 (Kg. 12). In this case, the assem- 
wT40b would not/only be physically spaced 
Sm" tube bui would be. disposed m 
"electrically floating " relauonship with.res- 
10 sect to the electrode structure. 

The same physical and electrical arrange- 
ment can- also be obtained by providiBga 
mount 30c having an L-ahaped support wire 
52 that is anchored in the stem press 3/c, as 

15 ^defirSfhSt transfer to the. vapor con- 
trol assembly 40c may be -further reduced 
b? uSgTsipport wire 53 having, an inter- 
mediate retroverted or looped portion 54, as 
20 Sustrated in Fig. 14. This type . of ^pport 
would provide a longer heat path from the 
ctem to the amalgam-containing assembly and 
SSs serves to further isolate, the amalgam 
from temperature variations induced in tne 
25 stem by changes in the" ambient temperature, 
la Fig 15 there is illustrated still another 
arrangement for mounting the .amalgam-con- 
taining assembly in spaced relationship on the 
sfcm - According to this embodiment, the 
30 Sate assembly 40d is held m the desired 
sjosition by a resilient wire ring 55 that is 
damped on tne stem 31d and has apa* 
of laterally extending arms 56 that extend 
through and are interlocked with the assembly. 
35 As shown in Fig. 16, the l^^ff ^ 
40d is provided with a pair of sfot-Uke aper- 
tures- 57 that are dimensioned and spaced 
to receive the hooked ends of the arms 5o 
and then hold them in such a ^ 
40 circular portion of the ring 55 « contracted 
and firmly locked in place around the stem 

?\ Figs. 17 to 19 th«e is i^**** 
another embodiment wherein the as ^ ,1 J" 
45 holding means includes bimetal elements 5^ 
aid 61 that are arranged to shift the position 
- ^ the vaplr control Sembly 40e relative to 
the electrode 32e in response to variations 
S temple within theW The holing 
50 means in this case comprises a wire support 58 
5 Satis attached to the arcuate anialgam-con- 
mining assembly 40e jnd to one «id °f a 
^^ly " U-shaped bimetamc^emein^9, 
end of which is ^nnected I by mear^ 
55 of "an arcuate support wire .60 

Sound the stem 3^(^^ 9 >^ T ^ 
. of another U-shaped bimetalhc element 61- 
The opposite end of this element ij a i turn, 
secured^ the upper part ot the mount 30e 
60 by" another- support wire 62 that is em- 
bedded, in' the stem press 37e. 

aforesaid bimetallic elements 59 and 
61 are adapted and arranged ©.form an elon- 
gated and movable heat-sensitive support 
65 member that shifts the assembly 40e toward 



and away from the electrode 32e' along me 
stem 31e in response to temperature variations - 
within the lamp induced by changes in tftt 
ambient temperature. Thus,' when the ambt- 
S tempemtore is 120° F. for exampl^the 70 
assembly 40e will be spaced from the elec- 
trode 32e by a distant "d,*^" ( as indi- 
cated in Fig. 17) and will be automat^ 

tX^^ - 

ment, accordingly, automatically compensates 
for variations in the ambient temperature conr 
dkions- and permits the operating, tenmerature «■» 
of the amalgam to be maintained within very 

close limits. 

Another temperature-compensating arrange- 
ment is shown in Fig. 20 wherein the arcuate 
mercury-vapor control assembly 40f is held 
in spaced apart and encircling relationship 
with the stem 31f at a fixed distance from 
the electrode 32f by a relatively heavy sup- 
port wire 64 that is attached to one aid 
of the mount 30f and fastened, as by weld- 
ing, to the assembly. An arcuate heat shield 
65 is suspended between the assembly and 
electrode** a generally U-shaped bimetalhc 
element 66 that is secured to the support 
wire 64. This bimetallic element is so ar- 
ranged that at a preselected ambient tempera- 
ture it exposes "the ^^^^ 
assembly 40f to the radiated and converted 
heat emanating from the electrode 32f and 
the discharge terminating thereon. Tins con- 
dition is illustrated by the solid line showing 
of- the bimetallic element and shield in Kg. 
20 However, when the anmient temperature 
increases, the bimetal flexes and shifts the 
shield into masking relationship widi the 
assembly (as indicated by the dotted lme 
Sowing of the bimetallic element and shield) 
thereby reducing the heating affect of the 
electrode on the assembly and maintaining the 
within the desired temperature 
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*"ln^Fig 21 there is shown still another 
form of the invention wherein an amalgam- 
containing assembly- 40g .is supported in 
spaced apart relationship with the walk .of the 
envelop? 29 by a compressible ™ ^ 
of generally TJ-shaped configuration that en- 
"J^* envelope wall at a phnahty of 
spiced poin«. The clip, when u i relaxed 
conditio^ is slightly than. die inner 120 

diameter of the envelope so ^t rt is held . 
in the desired position inside the lamp solely 
by the compressive force exerted by the en- 
velope. The retaining dip is preferably of such 
emigration that the amalgam-containing 
assembly 40g is suspended at a location bc- 
££a the centre' of the envelope and the 
envelope walls, such shown in Fig. 21, so as 
to avoid placing the amalgam in die mam por- 
tion of the arc stream. If desired, more than 
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70 



10 



15 



providing a no "J™" A envelope ranee of temperatures broad enough to en- 

and power loadings. .on 
This is indicated by the graph shown in ou 
Fig. 23 wherein the variation in the operat- 
ing temperature of an amalgam located on 



WBLU uy a ouj.w±*. — 

t animate the lamp atmosphere. 



Effects of Amalgam Composition and Loca- 
tion on Lamp Performance 
Comparative lamp tests have shown that 



toSHlS? to ta»P «» (curveyofrather than «h= 6*- (<»™ 
S^urff SanSgam my be converted into 78). However, once the two curves are sub- 
25 fSd^iTten^ratnisthatprevaawidi- stantially parallel, _« « njPP-gg the Km- *> 

^drt£ arnalinm mun be^nWendy rigid Went temperature regardless of the location 

30 r^^M^witnout -szx«>s 

•ff^ rSShSn-mercury amalgam, ^VScwTwS be itaa. WMF. b 
amalgam »«a«img diis ^amount «•» ({<>t !e down „ ab0 at 



95 



100 



40 



a this amount of indium gam on tne stem um - 

SfiX to KSSffff R Thu'- Si of 110- F.) .imply by shifting to posi- 

f .n^Stam of Sfs opposition i» placed don on the stem and increasing or decr^smg 

l^n^Tamo it^rill ranain in a substan- the distance between the amalgam and the 

My soM S mi Twirl « be jarred loose dectrode. The degree of «mP"™« 

from its support structure while the lamp is afiorded by adtnsong^me_ 



105 



110 



being handled during manufacture or ship- 
ment. The aforesaid range of temperature Is 
indicated by the lower hatched region 70 in 
the graph and is identified as the non- 
operating range n . 



amafcam on the lamp stem is indicated oy the 
shaded region 79 in Fig. 23, which region 
straddles the curve 76 and spans a range 
of about 40° F. This temperature difference 
was obtained by varying die amalgam-dec- 

* . . _ - A £ AMvtkAvTnMmir 
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60 



~«£n<r mripe " was ootamea oy varying uic ^^ B ^_^^ 

AThidiSmercury amalgam containing trode spacing over a range ^approximately 

.J^atoKoS « TatoSc?er cent indium 8 nrillimeters, that is, from 34 mtlhmeters 

f ^i™*,n* » «m^ture7 from about to 42 millimeters. The operating temperature 

S-Tty F^STSS ^liquify, of the amalgam can be controlled over a wider 120 

%LJL 'Sifwhen ui a liquid state such range by increasing the amalgam^ectrodc 

a^mSaTwiir te retained on a suitably sparing a corresponding amount, and by using 

f orn minou s support structure, such a longer stem if necessary. 
a J^ESXd Jreriouslv Thus the As indicated by the dotted line portions 

L^n^U bTneM r^Troper locktion of the curve 76 and shaded region 79, die 125 

amalgam l wiU J* fiem ' h*™^^ opcrated ama igam, when placed on the stem 34 mflk- 

^fi^M^^^^- meter? fn>mthe^c^ wm not reach a 

. . . t.«*^u«J wn'm 77. on wwneratilri* of ZOO r. i 



dfcated by the 
the graph and is 



as the "operating temperature is increased to about 140 r. 
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• On the basis of this e^poktrf p<^^ 

5 140° F. even when the amalgam-electrode 

^TmfrharkG? improvement in the per cent 
brightness maintained at various ^^J^ 
peTturea by using an indiumjich amalgam 
10 is indicated in the graph ^ 
. The curve 80 represents the changem the 
light output exhibited by a «mvennanal 
SgV^aoed lamp having end chambers 
X the lamp is operated at various ambient 
15 temperatures. As wfll be noted, the oonven- 
' tjonal lamp had a peak output of an ambient 
texture of about 70° F. (stril «J> and 
dropped to 90% brightness ambient tem- 
peratures of appmxunately 48* F. and 98 
20 F. The conventional lamp thus niamtamed 
90% of its peak output over an ambient tem- 
perature range of about 50 F. 

In contrast, the corresponding curve sz or 
a highly-loaded lamp of the same type and 
25 dimensions containing an amalgam having ap- 
proximately 87 atomic per cent. indium shows 
that this lamp had a peak c*tott at Ant 
80° E. ambient (soil air) and mamtauwd 9U?fe 
of its peak output from about 42 F w 
30 about 130° F. ambient, or over a range of W 
F The brightness versus ambient tempera- 
ture curve 8-2 of the mdmm^ercury amalgam 
lamp is thus much flatter and wider than tne 
corresponding curve 80 for the conventual 
35 lamp utilizing end chambers and conUensea 
mercury as the" vapor-pressure control center. 
In order to maintain the brightness at 90%- 
of the peak the mercury japor prewure : must 
be maintained between about 3 to 14 microns- 
40 It vriU accordmgly be apparem 

aium-mercury amalgam maintained this pres- 
sure over a wider range of ambient tempera- 
tures and markedly improved the lamp per- 
formance under varying ambient temperature 
45 conditions, as is indicated by the relative 
sizes of the hatched and crossmatched areas 
under the respective curves in Fig. 24 - 

The use" of an mdhrrn-mecury amalgam 
cemmning at least 80 'atoinic per cent mdrum 
50 affords an additional advarmtge k ite the 
brightness of the lamp is less affect^ by 
changes in ambient temperature as the atomic 
pTIent of indium in the amalgam is in- 
creased above this value. This is mdicatcd 
55 bTSe curves 83, 84 and 85 

which illustrate the manner m wfaich^ 
brightness of identical lamps, designed toj>eajc 
at the same ambient temperature A , varied 
as the atomic per o^into m |te arnat 
60 cam was increased from 80% to V&Jr7 
finally 92.5%, respectrvely As » 
the hirnp containing amalgam hjjg»5 
Soirnc per cem indium was much flatter and 
mamtauW95% brightness over a significandy 
65 wider range of ambient temperature (about 
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75 



80 



±35° F.) than any of the c^er lamps Thus, 
4m an operational standpennt it is preferred 
to thymic per cent of m*umin the 
amalgam be made as high w P»^- 

This broadening effect of mdium-merony 
amalgam on the output versus ambient tem- 
perature characteristic of the lamp is not only 
Sue but is eacremely advantageous in that 
the amalgam becomes less Hquid as the mdnrm 
Sntent ^increased (see FI| 2g«dg 
tiros exhibit less of a tendency tcjKCome dis- 
lodged from the retaining assembly when tie 

the presem invention is ilhistrated m H& 
26 which illustrates how the Peak cgrt 
versus ambient temperature chamaerisucs of 
a given lamp can be shifted simply by varying 
tnf spacmT between the amalgam and the 
electrode. As indicated by the curve 86, wrth 
art electrode-amalgam spacing of 34 mdh- 
meters the lamp peaked at an ambienttem- 
perature of about. 75/ F^^V^S? 
peak output occurred at about 97 F. ambi- 
ent with a spacing of 38 indhmeters i (curve 
87) and at about 115* F. ^ent when the 
spicing was increased to 42 f^f^ 
(curve 88). The lamps on which these curves 
are based were 48 inch lamps having a cur- 
rent rating of 1500 ma and an mdrurn-mer- 
cury amalgam containing 85 atomic per cent 
Mum. Thus, by properly corrda^g ^e 
amalgam composition and the amalgam^lec- 
trode spacing, it wiU be apparent that lamps 
can be designed to peak at the particular am- 
bient temperature desired wtthin the mnge of 
operating temperatures usually encoumered in 
the^Ucatiafoi such lamps. As md^atedby 
this family of curves, 90% of. peak bnchtness 
can be obtained at ambient temp^tures rang- 
ing from about 40° F to WO^F- by jro- 
perly adjusting the amalgam-dectrode^cmg. 

The marked improvement in lamp .perform- 
ance obtained by using an indrurnsnch amal- 
gam in accordance with this mvenuonis also 
llustrated by the graph shown in Fig. 27. 
In the graph, the ambient temperatu^ range 
wanin wBch 95% of peak brightness is 
maintained is plotted against the atomic per 
cent indium present in the amalgam As indi- 
cated by point E, a conventional 48 inch 
highly-loaded fluorescent lamp having end 
chambers and pure mmory (0 ammic % 
maintained. 95% of its peak brightness over 
an ambient temperature range of 25 ¥ ine 
corresponding value for f^ventional 96 
inch lamp having end chambers is ,*dwared by 
tioint I and is approximately 33 F. A »o 
gen lamp employing a cooled region and 
condensed mercury as the y^or-pressure con- 
trol center rramtained 95% of its output 
oyer ambient temperature, range of 31 

^co^H^loaded 96 inch lamps 
ctt ^^Ir^ y amalgam with 80 — 
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per cent, 87 atomic per cent and 92.5 atomic 
per cent indium sustained 95% of peak output 
over an ambient temperature range of 42° F. } 
55° F., and 67° F., respectively, (points la, 

5 lb, and Ic). As indicated by the upward slope 
of the curve 90 drawn through these points, 
the brightness is maintained at 95% of the 
peak over progressively wider ranges of am- 
bient temperature as the amount of indium in 

10 the amalagam is increased. Hence, a highly- 
loaded lamp capable of maintaining its output 
over a much wider range of ambient tempera- 
tures than was heretofore possible with a con- 
densed-mercury control center can be de- 

15 signed by properly adjusting the indium con- 
tent of the amalgam. 

It will be appreciated from the foregoing 
that the objects of the invention have been 
achieved insofar as a novel and very eon- 

20 venient means for controlling the mercury 
vapor pressure within a highly-loaded fluores- 
cent lamp or other gaseous discharge device 
has been provided. The amalgam-retaining 
structures are such that they can be readily 

25 fabricated and assembled with the lamp com- 
ponents without interfering in any way with 
the regular sequence of lamp-making opera- 
tions. 

While a number of lamp embodiments and 
30 a preferred method of fabricating an amal- 
gam-retaining assembly have been described, 
it is to be understood that various modifica- 
tions can be made without departing from 
the scope of the invention. 
35 WHAT WE CLAIM IS:— 

1. A low pressure mercury vapor discharge 
lamp comprising a sealed radiation transmit- 
ting envelope, a pair of spaced electrodes 
mounted in said envelope, a foraminous sup- 

40 port structure supported within said envelope 
at a predetermined location spaced from said 
electrodes and an amalgam of a metal with 
mercury anchored to said support structure 
for controlling the mercury vapor pressure 

45 within said envelope during operation of said 
lamp, said support structure consisting of a 
material which is wetted by said amalgam 
in the liquid state thereof thereby to retain 
said amalgam anchored to said support struc- 

50 ture. 

2. A lamp as claimed in claim 1, wherein 
said amalgam is substantially in the solid 
state at temperatures up to about 40° C 

3. A lamp as claimed in claims 1 and 2, 
55 wherein the location of said amalgam is such 

that its temperature remains below about 
130° C when the lamp is operated at an 
ambient temperature of from about 4° C 
to 71° C at its rated power loading. 

60 4. A lamp as claimed in claim 1, 2 or 3, 
wherein the metal of said amalgam comprises 
at least one of the metals tin, thallhnn 3 in- 
dium, or alloys thereof. 
5. A lamp as claimed in any of claims 1 

65 to 4, wherein said amalgam extends over a 



considerable portion of said .support structure 
and at least partly fills the openings there- 
of. 

6. A lamp as claimed in any of claims 1 to 
5, wherein said support structure comprises 70 
a piece of metal wire cloth. 

7. A lamp as claimed in any of claims 1 
to 6, wherein said support structure com- 
prises a pair of foraminous members, between 
which a layer of a relatively soft metal is 75 
sandwiched, said metal being capable of corn- 
binding with mercury to form an amalgam 
that wets said members. 

8. A lamp as claimed in claim 7, wherein 
said members are partly embedded in said 80 
layer of amalgam-forming metal and are held 
in assembled relationship therewith solely by 
said metal. 

9. A lamp as claimed in claim 7 or 8, 
wherein said members comprise a pair of 85 
generally rectangular strips of metal wire 
cloth, between which a sheet of said amalgam 
forming metal is sandwiched. 

10. A lamp as claimed in claim 9, where 
in said sheet of amalgam-fonrring metal has 90 
a smaller width dimension than said wire cloth 
strips and is spaced mwardly from the side 
edges thereof so as to provide a region along 
both sides of the assembly that is devoid of 
said metal. 95 

11. A lamp as claimed in any of the claims 
1 to 10, and comprising a vitreous stem sealed 
to and extending inwardly from each end of 
the lamp envelope, a pair of lead wires sealed 
through each of said stems and extending 100 
therefrom into said envelope, and an electrode 
attached to the inwardly projecting end seg- 
ments of each pair of lead wires, wherein die 
support structure carrying the amalgam and 
forming therewith a vapor control assembly, 105 
is held by one of said stems at a predeter- 
mined location between the respective elec- 
trode and end of said envelope. 

12. A lamp as claimed in claim 11, where- 
in said vapor control assembly is arcuate and HO 
holding means are provided which hold said 
arcuate assembly in encircling relationship 
with said stem at a location such that said 
assembly is spaced a predetermined distance 
from the transverse plane that passes through 115 
the portions of said lead wire segments that 
are fastened to said electrode. 

13. A lamp as claimed in claim 12, where- 
in said holding means comprise a resilient 
annular member that overlies said arcuate 120 
assembly and firmly clamps it around said 
stem. 

14. A lamp as claimed in claim 12, where- 
in the length of said arcuate assembly is 
slightly less than the circumference of said 125 
stem so that the ends of the assembly are 
thus proximate to but spaced from one an- 
other, and the said proximate ends of the 
assembly are tapered in opposite directions 
and disposed in generally parallel relationship 130 
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with a-.Une that extends transverse to the stem 

^15 A lamp as claimed in claim 12, where- 
in said holding means comprises a supjprt 
5 •« wire" that- is fastened to one of said lead wires 
3 H w said assembly and holds the tag 
in encircling but spaced apart relationship 
with the stem. ^ _ « • 

16 A lamp as claimed in claim 15, wherein 
10 said support wire consists of two wire seg- 
ments t£at are joined together by an insuktor 
which. electrically isolates the vapour-control 
assembly from the lead -wire to which it is 

15 at ^? 1 ^ lamp as claimed in claim 12, where- 
in .said holding means comprise a supp ort 
wire that is anchored in the stem press and is 
fastened to and holds said assembly in en- 
circling but spaced apart relationship with 

20 ^g^^rrrp as claimed in claim 12, where- 
in sa id holding means comprises a support 
wire having one end anchored in said stem 
p^ and its opposite end fastened to raid 

25 assembly, and said support wire has a retro- 
SwinWnediate portion loff such configura- 
tion -that said assembly is disposed m «cfflflj 
irrg but spaced apart relationship with said 

30 Ste i9 A lamp as claimed in claim 12, where- 
in said holding means comprise a .resilient an- 
nular member that is clamped m enc^bng 
relationship on said stem and has a laterally 
Ending leg that is attached to said arcuate 
35 assembW and supports it in encircling but 
spaced apart relationship with said stem 

20 A lamp as; claimed m claim 12, where- 
in said holding means comprise a phnahty 
of wires and a pair of bimetallic elements 
40 • that- are joined together and constitute an 
* • elongated heat-sensitive support ^iberhav- 
Sgone end secured to said mount structure 
£d its opposite end fastened to said assembly 
said support member having a configuration 
45 ■ such SaTsaid assembly is disposed inejorcl- 
mTbut spaced apart relationship with said 
Si and said biSetalHc elements being ar- 
ranged and operable in response to tempera- 
ture variations within said lamp to move the 
50 vapor-control assembly along^d st^ to- 
w^ and away from^theelec^e^^ 
by minimize the- effect^ such .temperamre 
variations - in the amalgam earned by said 



55 ^21- A lamp as claimed in claim 12, where- 
in-said holding means com prise a support 



wire having one end fastened ^osaidmount 
and its opposite end fastened JO said assembly 
and a shield member that is suspendedbe- 
tween said assembly and .the dectrode by a. 60 
bimetallic element that is fastened to said 
support wire, said bimetallic element being 
arranged and operable in response to varia- 
tions in temperature within said lamp to 
move the ^shHd member into and orat or w 
masking relationship with said assembly 

22 A lamp as claimed, in any of the claims 
1 to 10, wherein said support structure com- 
prises a resilient clip that engages *e inner 
surface of the lamp envelope: at spaced points 70 
and is retained within said euwlope at a pre- ^ 
determined location along its-ass solely by 
me' compressive force exerted on the cup 
by said envelope. . nK 

23 A lamp as claimed in any of the pre- 75 
ceding claims, wherein the metal of said 
amalgam comprises indium in such an amount 
that said indium combines with substantially 
all of the mercury when the lamp is deener- 
sized and forms an amalgam containing at au 
least SO atomic per cent indium. 

24 A lamp as claimed in claim Z3, wnere- 
in the amalgam resulting from the combina- 
tion of said mercury and indium ctmtmns 
from about 80 to about 95 atomic per cent 85 

m 25°A lamp as claimed in claim 24 and 
having a length of approximately 48 inches 
and a diameter of H inches characterized m 
thatitcontamsatleastSO^ 90 
cury and at least 111 milhgrams .of mdium 
26. A lamp as claimed in claim 24 and 
having a length of approximately 72 inches 
and a diameter of 1£ inches charactenzedm 
that it contains at least 75 rnilhgrams of mer- 95 
cSy and at least 166 milHgrams of jn<hum. 

27 A lamp as claimed in claim 24 and 
having a length of approximately 96 inches 
and a R diameter of V ^ches chamctW m 
that it contains at least 100 nulhgrams of 100 
^rcury and at least 222 milhgrams of . 

"^^A low-pressure mercury-vapor discharge 
lamp, substantially as hereinbefore described 
vSh reference to and as iUustrated m the 105 

aCC c^^ANfl 8 PAm W EA™R, - 
•Chartered Patent Agents, 
Temple Chambers, Temple Avenue, 

- London; E.C4.i and 
29 St Vincent Place, Glasgow, 
Agents for the Applicants. 
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